We report the development of 44 microsatellite markers in three host races of the fungus Microbotryum violaceum, a sexually transmitted disease of the Caryophyllaceae. An enrichment protocol was used to isolate microsatellite loci from three strains, collected, respectively, from the plant species Gypsophila repens, Dianthus sylvestris, and Silene vulgaris. Polymorphism and cross-amplification were explored with 32 isolates of M. violaceum, collected on 12 different plant species in natural populations.
The anther smut fungus Microbotryum violaceum (formerly Ustilago violacea) is a veneral disease of many perennial plant species in the Caryophyllaceae (Thrall et al. 1993) . Fungal spores are produced in anthers, and are transmitted by pollinators moving among healthy and diseased plants. Shykoff et al. (1999) showed that isolates from three plant species are genetically isolated in sympatry, indicating that M. violaceum is constituted of several host races (sibling fungal species or subspecies, specialized on a restricted number of plant species). M. violaceum has been for long an important model system for studying genetics (Day & Garber 1988) , antagonistic interactions, epidemiology and diversity in sexually transmitted diseases (Kaltz & Schmid 1995) . Microsatellite markers have already been isolated in M. violaceum collected from Silene latifolia (Bucheli et al. 1998) , however, only 5 marginally polymorphic loci were available (Delmotte et al. 1999; Shykoff et al. 1999; Bucheli et al. 2000; 2001) , and they do not amplify on many host races of M. violaceum. Highly polymorphic markers would however, be needed to study the M. violaceum complex, in order to evaluate and compare population structures on several plant species, and to identify strains in order to conduct epidemiological studies or competition experiments. Because of the lack of availability of highly polymorphic markers we decided to search for other microsatellite loci, in three isolates of M. violaceum collected on plant species belonging to different genera: Gypsophila repens, Dianthus sylvestris, and S. vulgaris.
Three microsatellite enriched-libraries of M. violaceum were built according to Giraud et al. (2002) using biotinlabelled microsatellite oligoprobes [(TG) 10 and (AAG10)] and streptavidin-coated magnetic beads. Total genomic DNA was extracted from three isolates: gr3, collected from G. repens, ds1, collected from D. sylvestris, and sv2, collected from S. vulgaris (Table 1 ). In the gr3 enriched library, 1500 clones were screened and 425 gave a positive response (28%). In the sv2 enriched library, 1100 clones were screened and 144 gave a positive response (13%). In the ds1 enriched library, 1900 clones were screened and 82 gave a positive response (4%). A total of 128 clones were sequenced, 30 (23.4%) of which were found to be redundant. Polymerase chain reaction (PCR) primers were designed for 44 loci (20 from the gr3 library, 9 from the sv2 library, and 15 from the ds1 library), using the computer program oligo™ (Macintosh version 4.0, National Bioscience).
Each locus was screened for variation and crossamplification using a panel of 32 isolates of M. violaceum from natural populations collected on 12 different plant Correspondence: Tatiana Giraud. Fax: + 33 1 69 15 73 53; E-mail: Tatiana.Giraud@esv.u-psud.fr species (Table 1) . PCR amplifications were performed using a Biometra thermal cycler (Whatman Biometra), with 35 cycles of 94 °C for 30 s, 50 °C for 30 s, and 72 °C for 30 s. Each reaction (10 µL) contained 1 µL of 10× reaction buffer (50 mm KCl, 0.1% Triton X-100, 10 mm Tris-HCl, pH 9.0), 75 µm of dCTP, dGTP, dTTP, 6 µm of dATP, 0.02 µL of 33 P dATP, 0.2 µg/µL BSA, 1.5 mm MgCl 2 , 2.5 pmol of each primer, 0.25 U of Taq DNA polymerase (Promega), and approximately 10 ng of sample DNA. PCR products were analysed in 6% polyacrylamide gels and visualized by autoradiography.
All loci successfully amplified fragments of expected size and cross-amplified in several host races among the 12 tested ( Table 2 ). The number of host races in which the different loci were amplifiable was however, very variable, with a mean ± SE of 7.9 ± 3.5. Morever some loci crossamplified in isolates from host races from another plant genus but not from congeneric host races. 1 Loci named GR, SV and DS were cloned, respectively, in the gr3, sv2 and ds1 libraries. 2 The pair of loci DS3A-DS3B was found in the same clone, and are therefore tightly linked. 3 The sign '+' indicates that two microsatellite motifs were separated by several base pairs in the clone. 4 Host races for which amplification products were obtained are indicated by the initials of their host plant ( gr = Gypsophila repens, sv = Silene vulgaris, sl = Silene latifolia, so = Saponaria officinalis, dm = Dianthus monspessulanus, ds = Dianthus sylvestris, dc = Dianthus carthusianorum, sf = Silene flos-cuculi, se = Silene elisabethae, dsu = Dianthus superbus, sd = Silene dioecea, sh = Stellaria holostos). The numerous polymorphic microsatellite loci characterized here will allow identification of strains, evaluation of population differentiation and inbreeding levels in fungal strains from several plant species, and studies on the M. violaceum species complex.
